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Intensive industrial and agricultural activities have caused the worldwide introduction 39 of organic chemicals in the aquatic environment. Man-made chemicals, such as 40 polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs) and 41 organochlorine pesticides (OCPs), can persist for many years in these environments, hence 42 forming a possible health threat for wildlife and humans through bioaccumulation [1] [2] [3] . The 43 bioaccumulation of persistent organic pollutants (POPs), which mostly have a lipophilic 44 character, into aquatic biota is believed to be mainly driven by two processes. The first 45 process is the direct partitioning of chemicals between the organism's body and the abiotic 46 environment, also called bioconcentration. The second process is dietary uptake 4 . However, 47
for lipophilic POPs (log K ow > 5) bioconcentration is considered to be of less importance for 48 most fish when compared to dietary uptake 5 . If the chemical concentration in a consumer 49 exceeds the concentration in his diet, and if the absorption rate exceeds the elimination from 50 the body through biotransformation, growth and reproductive loss, biomagnification occurs. 51
In this case, the POP level in an aquatic species will be influenced by its trophic position in 52 the local food web. Consequently, top predators tend to contain the highest body burdens of 53 pollutants and may also suffer the highest risk for adverse health effects 6 . 54
To understand the importance of trophic transfer in relation to the fate of pollutants in 55 the food web and quantify the extent of biomagnification, the first step is to determine the 56 trophic positions of the species in the food web. A frequently used method for this is the 57 analysis of stable isotope ratios, as the isotopic signature of an animal reflects its assimilated 58 diet 7, 8 . By measuring stable isotope ratios as well as the pollution levels in several species, it 59 is possible to identify and quantify biomagnification within a food web 9 . 60
The present study was conducted in the Scheldt estuary (the Netherlands -Belgium). 61
The river Scheldt is a lowland-river which has its source in St. Quentin (France), flows 62 4 through Belgium and flows into the North Sea in Vlissingen (the Netherlands). The river has a 63 total length of 355 km and the tidal effects reach 160 km upstream, until Ghent
10
. With a total 64 catchment area of 22000 km², the river receives water from dense populated and 65 industrialized areas, enriching the estuary with nutrients and pollutants, including trace 66 metals 11 and POPs 3, 12 , making the Scheldt one of the most polluted estuaries in Europe. 67
Nonetheless, the estuary is of great ecological value, for example because of its function as 68 nursery room for demersal fish species, as breeding area of the harbor seal (Phoca vitulina) 13 , 69
and because of the international importance for seabird conservation 
Material and Methods
81
Sample collection 82
In June 2011, samples were collected at three locations along the Scheldt Estuary ( Zeeleeuw (VLIZ, Flanders Marine Institute). Other invertebrates were sampled on the shore 87 by hand at low tide. Filamentous algae were collected from rocks. An overview of the 88 collected species is given in Table 1 . More detailed data on the lipid content, length and 89 weight of the collected samples is provided in Table SI-1 of the Supporting Information (SI) . 90
Suspended particulate matter (SPM) was collected by filtration of surface water with a 91 vacuum pump over glass fiber filters (VWR International, pore size 0.7 µm). Because of 92 limited sample size, no POP analyses could be performed on SPM samples. The top layer (10 93 cm) of the surface sediment was sampled manually from the shores at low tide. At each 94 location, three replicates were taken. TOC (total organic carbon) was determined through 95
Loss on Ignition (LOI). To this, the sediment subsamples were incinerated at 550 °C for 4 h 96 and weight loss was determined 15 . 97
Before freezing and dissection, the organisms were kept for depuration in filtered 98 locally collected river water (0.2 µm) for 24h. A part of the caudal musculature of the fish 99 was sampled to perform stable isotopes and POP analyses. For smaller fishes, crabs and 100 shrimps, the whole musculature was homogenized for analysis. Soft tissues of other 101
invertebrates were analyzed as a whole. For POP analysis, tissues from shrimps, mollusks and 102 bristle worms were pooled to get an adequate sample size. Stable isotopes in shrimps, 103 mollusks and bristle worms were determined in individual samples from the same area, which 104 6 were not analyzed for POPs. Filamentous algae were rinsed to remove sand and organisms. 105
All samples were frozen (-20°C) Table 1 . Average TOC content (± SD) in the sediment measured 2.7 ± 1.5%, 174 2.5 ± 1.1% and 4.7 ± 2.5% for Terneuzen, Bath and Antwerpen respectively. Sediment PCB 175 concentrations were low, ranging from 1.8 up to 58.7 ng/g dw. PCB levels in biota samples 176 were highest in European eel (Anguilla anguilla), ranging from 846 up to 2190 ng/g ww. 177
Lowest PCB concentrations were found in common periwinkle (Littorina littorea) (from 17. Chlordanes were not detected in the sediment and only in low concentrations in biota 191 samples: medians from below detection limit up to 5.67 ng/g ww in European eel (Table 1) . . PBDE concentrations in pike-perch (Sander lucioperca) from the present study were 210 higher than in pike-perch from the Baltic Sea (average 0.57 ng/g ww for 15 PBDE congeners; 211 present study: average 1.88 ng/g ww for 7 PBDE congeners) 30 . Ragworm (Nereis 212 diversicolor) contained higher PBDE concentrations than ragworms from the Loire and the 213 Seine estuary (0.03-0.12 ng BDE47/g ww; present study 0.15-0.62 ng BDE 47/g ww) 28 ;
and 214
Nereis virens from the St. Lawrence estuary, Canada (average 0.18 ng BDE 47/g ww) 31 . 215 PBDE levels detected in brown shrimp were lower than previously reported for the North Sea 216
by Boon et al. 32 (average of 37 ng BDE 47/g lw) and for the Scheldt by Voorspoels et al. (Fig. 2) . This indicates that the POP levels are higher more upstream of the 258 estuary, probably caused by the vicinity of the city of Antwerpen, which is highly 259 industrialized and urbanized. Furthermore, the Scheldt receives waste waters from other large 260 cities like Brussels. This observation has been described before in other studies 3, 16, 37 . More 261 downstream in the estuary, lower environmental pollution levels could be attributed to a 262 dilution effect, because of a wider riverbed and the increasing mixing with seawater. Since the 263 salinity can be used as a measure for the dilution with seawater, it can be tested if the dilution 264 effect is responsible for the decreasing trend in POP levels. If POP concentrations in 265 sediments are normalized for salinity, the decreasing trend towards the North Sea gets 266 minimalized and the normalized concentrations get more or less constant (Fig. 2) . This means 267 that the dilution of the river water explains lower POP concentrations in the sediments 268 towards the sea. However, normalizing the POP concentrations in bristle worm and European 269 flounder for salinity (Fig. 2) The available carbon sources in Terneuzen were probably mainly marine sources, which are 295 14 typically less δ 13 C depleted than those of freshwater 8, 40 , while the two other locations receive 296 more terrestrial and riverine input. 297
The large variation in δ (Table 2) . 316
As mentioned above, the large variation in δ . 328
In the present study, biomagnification of PCBs was linked with the degree of 329 chlorination of the PCB congeners. Regressions were only significant for hexa-to octa-PCBs, 330 which also possess higher log K ow than lower chlorinated congeners. However, this statement 331 probably holds only for non-metabolizable PCB congeners. The same trend was also reported 332 by Skarphedinsdottir et al. 48 in a food web near the coast of Iceland. Yu et al. 49 described a 333 parabolic relationship between the TMFs of PCBs for freshwater fish and the log K ow , with 334 largest TMFs at log K ow of 6.89. In the present study however, the greatest TMF was found 335 for PCB 194, which has a log K ow greater than 6.89 (log K ow = 7.8). PCBs were clearly more 336 biomagnified than PBDEs, which only showed a significant relationship with δ 15 N in case of 337 PBDE 100, with a TMF of 1.17. The lower biomagnification potential of PBDEs was 338 previously reported 50 Only results with r² > 0.1 are shown. 578 
